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SOME EFFECTS OF PROTEIN DEFICIENCY IN 
YOUNG GROWING PIGS 

II. BLOOD PLASMA FREE AMINO ACIDS** 

By 
M. CuperloviC and D. Stosic 

The amino acid pattern induced by lack of dietary protein is 
very different from that which follows total starvation, when in­
sufficiency of energy is the primary factor. Thus, according to 
Holt et al. (1968), the basic effects of protein deficiency on blood 
free amino acids are a decrease in concentration of most essential 
amino acids, especially those with branched carbon chains, and 
a resistance to change of the non-essential amino acids except 
for tyrosine, arginine, citrulline and ot-amino-n-butyric acid. The 
characteristic alterations which follow total starvation are an 
elevation of most essential amino acid concentrations which 
particularly affects valine, leucine, isoleucine and threonine, de­
creases in the levels of some non-essential amino acids and a very 
high concentration of plasma urea (Cuperlovic et al. 1968). 

However, the many attempts to use these alterations in the 
free amino acid patterns to assess the severity of nutritional 
deficiencies and the nature of the limiting dietary component 
have been of limited significance (Whitehead 1965, Widdowson 
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& Whitehead 1966). Differences are especially prominent during 
rehabilitation from protein deficiency when the free amino acid 
pattern becomes normal before the general state of the organism 
can be considered as recovered (Saunders et al. 1967). Moreover, 
different combinations of protein malnutrition and energy defici­
ency make the whole picture more complicated. 

In this connection we have attempted to investigate changes 
in the free amino acids in the blood plasma of pigs during long 
term protein deficiency and to compare it with the pattern found 
during total starvation. The concentrations of free amino acids 
in the blood plasma during rehabilitation have also been followed. 

MATERIALS AND METHODS 
The treatment of the animals and diets have been described 

in a previous paper (Nikolic et al. 1969). 
Blood samples were collected every fortnight during the ex­

perimental period from the jugular vein after a 16 hr. fast into 
cooled heparinized tubes. After separation by centrifugation, the 
plasmas of pigs from the same group were pooled and depro­
teinated according to Stein & Moore (1954). The concentrations 
of the free amino acids and urea were determined on an auto­
matic amino acid analyser (Spinco Beckman Model 120 B). 

The amino acid compositions of both the diets employed were 
determined after acid hydrolysis (Lindquist 1966). 

RESULTS 
The amino acid composition of the control semisynthetic diet 

containing milk powder (Table 1) satisfied the requirements of 
growing pigs. In the non-protein semisynthetic diet, amino acid 
levels were very low and in some cases almost below the limits 
of detection. Most of the nitrogen in the diet was present in the 
hydroxyproline fraction. 

Free amino acids in the blood plasma 
a) Control group. Levels of all the essential amino acids, 

except for lysine, in the blood plasma of Group A, which re­
ceived the milk protein containing diet during the whole ex­
per:mental period, were lower at the first determination than at 
any t:me later (Table 2). In the non-essential amino acid group 
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Tab I e 1. Content of free amino acids in the semisynthetic diets 
with and without milk protein supplement. 

Amino acids 
Mixture with protein Mixture without protein 

g/100 g g/100 g g/100 g g/100 g 
dry matter crude protein dry matter crude' protein 

lysine 0.9i 6.40 0.013 1.20 
histidine 0.34 2.29 0.098 8.90 
arginine 0.48 3.26 + + 
aspartic acid 0.98 6,58 
threonine 0.59 3.92 
serine 0.71 4.80 0.076 6.90 
glutamic acid 2.85 19.14 0.084 7.70 
pro line 1.17 7.83 + + 
glycine 0.25 1.69 0.022 2.00 
alanine 0.43 2.88 0.030 2.70 
cystine 1.10 0.020 1.80 
valine 5.20 0.030 2.70 
methionine 0.28 1.92 0.004 0.40 
isoleucine 0.68 4.55 0.013 1.20 
leucine 1.22 8.21 0.043 3.90 
tyrosine 0.52 3.52 O.Ct05 0.50 
pheny !alanine 0.60 4.07 0.010 0.90 
hydroxyproline 1.97 12.03 0.662 60.00 

proteins 14.88 % 1.10 % 

moisture 6.95 % 9.33 % 

this effect was less noticeable (serine, proline, citrulline and 
tyrosine) or completely absent (arginine and ornithine). The 
levels of glutamic acid, glycine and alanine were higher than 
later. From the 14th day to the end of the experimental period 
the concentrations of individual amino acids varied little, so 
that the ratio between the concentrations of essential and non­
essential amino acids after starting at 0.41 remained almost 
constant above 0.7 until the end of the investigation. Fig. 1 shows 
the plasma aminogram at the time the different groups were 
given the different diets, after 42 days and at the end of the ex­
periment (84 days). Zimmermann-Telschow (1965) found a 
similar increase in the amino acids in the blood plasma of men 
consuming a milk protein containing diet. 

b) Protein deprived and rehabilitated group. The concentra­
tions of many free essential amino acids in the blood plasma of 
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Table 2. Free amino acids in the blood plasma of pigs fed the 
semisynthetic diet containing skimmed milk powder (Group A). 

Duration of experiment (days) 
Amino acids 

0 14 29 42 56 70 84 

threonine 0.94* 1.98 1.86 1.73 1.86 1.96 1.73 
valine 2.91 3.79 4.41 3.87 4.07 4.41 3.62 

0.29 0,42 0.45 0.37 0.45 0.66 0.48 
isoleucine 1.08 1.56 1.67 1.54 1.41 1.72 1.46 
leucine 1.47 2.10 2.28 2.14 2.08 2.36 2.05 
phenylalanine 0.70 1.01 0.99 1.15 1.01 1.04 0.91 
lysine 2.38 2.35 2.09 2.12 2.73 2.68 2.38 
histidine 0.47 0,92 1.03 0.90 1.14 0.80 1.26 
total essential amino 
acids 10.24 14.13 14.78 13.82 14.75 15.63 13.89 

serine 1.44 1.68 1.72 1.63 1.64 2.03 2.15 
pro line 1.81 2.22 2.25 2.04 2.26 2.17 2.39 
glutamic acid 3.21 1.81 1.42 1.30 1.61 1.97 1.27 
citrulline 1.27 1.57 1.46 1.37 1.70 1.77 1.58 
glycine 6.59 5.68 5.05 5.00 5.39 6.70 5.16 
alanine 3.83 2.26 2.29 2.54 2.65 3.67 2.30 
tyrosine 1.09 1.42 1.32 1.44 1.46 1.48 1.27 
ornithine 1.34 1.97 2.02 1.05 0.95 1.27 0.71 
arginine 1.32 1.07 1.25 1.27 1.21 0.97 1.84 

total non-essential 
amino acids 21.90 19.68 18.78 17.64 18.87 22.03 18.67 

ratio of essential to non-
essential amino acids 0.47 0.71 0.78 0.72 0.78 0.71 0.74 

• mg/100 ml plasma. 

the pigs which received the protein deficient diet followed by a 
diet containing 15 % of milk protein fell continuously (Group B) 
up to the 42nd day. However, the concentration of lysine was 
elevated during the first month of protein depletion and only fell 
below initial levels after 42 days. The levels of phenylalanine, 
histidine and methionine increased to control levels during the 
first fortnight and even after 42 days were still higher than the 
initial concentrations. 

The concentrations of the non-essential amino acids were af­
fected by protein deficiency to a smaller extent. Tyrosine, orni­
thine and glutamic acid showed the greatest reductions. The 
levels of arginine, glycine and alanine increased during the first 
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AMINO ACID 

F i g u r e 1. Free amino acids in the blood plasma of pigs from the 
control group at the beginning of the experiment (o--o); after 
42 days ( o ........... o) ; and after 84 days ( o -- o) of refeeding with a 

semisynthetic diet supplemented with skimmed milk powder. 

few weeks of protein deficiency and then decreased below the 
initial levels. These changes resulted in an almost constant 
amino acid ratio during this period. 

The change of diet was followed by a continuous increase in 
the concentrations of free non-essential and essential amino 
acids except for phenylalanine and histidine which decreased 
at first. After two weeks, serine, glutamic acid, alanine and orni­
thine showed higher levels than in control pigs. By the end of 
the investigation the levels of all amino acids and the amino acid 
ratio were near to control values. Fig. 2 shows the plasma amino­
gram of these pigs at three characteristic points of the experi­
ment. 

c) Protein deprived group. During the first 42 day period 
the changes in the free amino acid concentrations of the protein 
deprived Group C were similar to those of Group B. Since dif­
ferences between the pigs of this group became apparent, the 



6 M. Cuperlovic & D. Stosic 

Tab I e 3. Free amino acids in the blood plasma of pigs from group B 
which received a diet deficient in protein for 42 days and then food 

containing skimmed milk powder. 

Nonprotein mixture Mixture containing milk protein 
Amino acids ---------

O* 14 29 42 56 70 84 

threonine 1.18** 0.90 0.80 0.47 1.56 1.41 1.71 
valine 3.00 1.51 1.81 1.31 2.71 2.64 3.14 
methionine 0.32 0.60 0.61 0.38 0.25 0.33 0.47 
isoleucine 1.24 0.89 1.17 0.84 0.97 1.26 1.78 
leucine 1.66 1.37 1.10 0.84 1.29 1.47 1.97 
pheny !alanine i>.66 1.08 0.96 0.95 0.49 0.37 1.14 
lysine 2.03 2.95 2.45 1.44 2.05 1.49 1.55 
histidine 0.42 1.09 1.27 0.80 0.33 0.49 0.71 

total essential 
amino acids 10.51 10.39 10.17 7.03 9.65 9.46 12.47 

serine 1.55 1.95 1.71 1.23 2.44 2.14 1.98 
pro line < 2.26 1.72 1.99 1.90 2.00 1.49 1.52 
glutamic acid 3.19 1.69 1.14 1.19 2.58 3.02 1.86 
citrulline 1.01 0.84 1.08 0.78 1.17 1.13 1.41 
glycine 6.12 7.15 6.32 3.98 5.10 5.24 4.32 
alanine 3.47 3.71 3.30 2.53 4.06 2.68 2.52 
tyrosine 1.06 0.59 0.65 0.70 0.83 0.97 1.27 
ornithine 1.21 0.69 1.03 0.41 1.24 0.90 0.91 
arginine 1.13 1.50 1.03 0.47 0.80 1.17 1.35 

total non-essential 
amino acids 21.00 19.79 18.25 13.19 20.22 18.74 17.14 

ratio of essential to non-
essential amino acids 0.50 0.52 0.55 0.52 0.48 0.50 0.73 

* Duration of experiment (days). 
* * mg/100 ml plasma. 

plasmas were assayed individually. The lowest concentrations of 
essential and particularly non-essential amino acids were found 
in pig no. 13, which was killed in a moribund state after 70 days 
of protein deprivation. In the other two pigs most free amino acids 
showed minimum levels at this time. The animals then consumed 
very little food particularly during the last four days of the in­
vestigation. The analysis of the last plasma sample showed in­
creased concentrations of threonine, valine, isoleucine, leucine 
and lysine, while the concentrations of non-essential amino acids 
decreased even more during this last fortnight. Thus, the amino 
acid ratio increased above control levels. The plasma aminogram 
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F i g u r e 2. Concentrations of free amino acids- in the blood plasmas 
of pigs during protein deficiency and rehabilitation (cf. Fig. 1). 

at the begiilllling of -the experiment, after 42 days and 84 days of 
protein deprivation is given in Figure 3. 

d) Totally starved group. The concentrations of essential 
amino acids increased during total starvation while the concen­
trations of most non-essential amino acids decreased (Table 5). 
The ratio between the two types of amino acids increased from 
0.50 to 1.38. 

e) Plasma levels of urea. The control pigs (Group A) showed 
a sharp increase in plasma urea during the first fortnight of the 
experimental period (Table 6). Thereafter the rate of increase 
was small but definite. During protein deprivation the levels of 
blood urea decreased rapidly to very low amounts. By the end 
of the experiment the urea levels of the rehabilitated pigs had 
reached control regions. An increase in plasma urea concentra­
tion was noted in Group C during the last fortnight of the ex­
perimental period. Total starvation was followed by a very large 
increase in blood urea concentration. 
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"' .. 
Figure 3. 

; w 5 
Free amino acids in the blood plasma 

protein deficiency (cf. Fig. 1). 

DISCUSSION 

If) 1.r..1 .I.MINO ACl D 
r "' 
of pigs during 

In a discussion about the effects of protein starvation, re­
habilitation, and total starvation the branched chain amino acids 
merit special attention. Under conditions of protein deficiency 
the pigs showed very low plasma concentrations of leucine, iso­
leucine and valine whereas total starvation was accompanied by 
a large increase in their plasma levels. Holt et al. (1963, 1968) 
and Saunders et al. (1967) found that the levels of these amino 
acids decreased in all cases of kwashiorkor and the results of 
Swendseid et al. (1966), Luyken et al. (1966) and Young & 
Scrimshaw (1968) support these findings. 

Since during total starvation a very intensive deamination 
of amino acids is performed in the liver in order to supply energy, 
an accumulation of those amino acids, which are not oxidized 
there, is to be expected. Thus, Mimura et al. (1968) found that 
the activities of common branched chain amino acid trans­
aminases are high in muscles but very low in liver. Moreover, 
perfused livers very slowly oxidize these amino acids (Miller 
1962, McMenamy et al. 1962) and normally their concentrations 
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T a b 1 e 5. Free amino acids in the blood plasma of pigs during 
total starvation. 

Amino acids 

threonine 
valine 
methionine 
isoleucine 
leucine 
phenylalanine 
lysine 
histidine 

total essential amino acids 

serine 
pro line 
glutamic acid 
citrulline 
glycine 
alanine 
tyrosine 
ornithine 
arginine 

total non-essential amino acids 

ratio of essential to 
non-essential amino acids 

0 

0.94 
2.88 
0.28 
1.03 
1.36 
0.55 
2.10 
0.50 

9.68 

1.40 
1.90 
3.68 
0.79 
5.31 
3.16 
0.75 
1.21 
1.24 

19.34 

0.50 

Starvation (days) 

14 

2.09 
4.45 
0.74 
1.66 
1.82 
1.44 
2.32 
0.60 

15.12 

1.43 
1.64 
1.47 
1.73 
3.76 
1.96 
0.93 
0.94 
1.68 

15.54 

0.98 

23 

2.86 
4.23 
0.72 
2.24 
2.68 
1.52 
2.50 
0.73 

17.48 

1.79 
1.22 
1.32 
1.51 
3.89 
1.55 
0.95 

1.54 

12.77 

1.38 

are higher in hepatic veins than in arteries (Elwyn 1968). The 
liver concentrations of leucine, isoleucine and valine (in µ.M/mg 
DNA) were decreased after protein depletion in rats and even 
more after total starvation, whereas the levels in muscles were 
almost unchanged (Allison et al. 1963). 

The high plasma levels of these amino acids during total 
starvation may increase the rate of insulin release (Fajans et al. 
1967), which would lead to a fas·ter accumulation of amino acids 
in the muscle cells (Scharff & Wool 1966). However, no signi­
ficant changes were noted in blood glucose levels after protein or 
total starvation during this experiment (unpublished results) 
and the possible effects of other hormones cannot be discounted. 
Thus, children with kwashiorkor showed an increased concen­
tration of human growth hormone, which has been reported to 



Protein deficiency in young growing pigs. II 11 

Table 6. Concentration of urea in the blood plasma of pigs fed a semisynthetic 
diet with and without a milk protein supplement and totally starved pigs. 

Group Duration of experiment (days) 
(treatment) 

0 14 29 42 56 70 

A 
(control) 4.65* 8.45 7.65 9.50 10.90 9.25 
B 
(rehabilitation) 4.29 1.00 0.90 0.8·0 3.07 3.90 

c pig no. 3 1.44 
(protein starvation) pig no. 13 1.19 

pig no. 17 1.68 

mean value 4.30 1.03 0.90 0.95 1.4-0 1.56 
D 
(total starvation) 4.62 17.50 23.38* * 

* mg urea/100 ml blood plasma. 
This value was taken after 23 days of total starvation. 

decrease blood free amino acid concentrations after injection 
(Pimstone et al. 1967). 

Threonine, which is a glucogenic amino acid, behaved in a 
similar way to the branched chain amino acids during protein 
deficiency and total starvation, whereas the concentration of 
serine remained rather constant. Bearing in mind the participa­
tion of serine in the synthesis of ethanolamine, choline, cystine 
and its utilization in other reactions, the stability of the plasma 
concentration indicates the existence of synthesis even during 
long term protein deficiency. Thus, Fallon et al. (1968) found 
that the activities of the enzymes 3-phosphoglycerate dehydro­
genase and phosphoserine phosphatase, which are involved in 
one pathway of serine synthesis, were increased during protein 
deficiency in rats. 

Plasma lysine concentrations were affected by the dietary 
conditions in a typical manner for essential amino acids, al­
though the slight increases observed after total starvation may 
be a reflection of the reduced plasma volume indicated by the 
haematocrit data (Mihailovic et al. 1967). 

The small elevation of plasma histidine levels during the first 
period of protein starvation suggests an inhibition of some of 
the processes in which this amino acid is used. Conversely the 
low histidine levels during rehabiliitation indicate the reverse. 

83 

11.79 

9.51 

10.90 

3.40 

7.15 
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Control pigs showed increases of both phenylalanine and 
tyrosine, but the ratio between them remained constant (0.7-
0.8). However, during total starvation, the ratio rose to 1.6 prob­
ably due to a reduction in the rate of oxidation of phenylalanine 
to tyrosine. The slight increase of tyrosine levels may be a con­
sequence of a decrease in the rate of utilization and the reduced 
plasma volume. The phenylalanine tyrosine ratio also rose above 
1.5 during protein deficiency. Lack of enzyme activity may be 
envisaged as a cause of the reduction of phenylalanine hydrox­
ylation, although the fall in tyrosine levels indicates that the 
rate of utilization is not greatly affected because of the availabil­
ity of energy. On rehabilitation a faster rate of phenylalanine 
hydroxylation was possible and the concentration of phenyl­
alanine decreased, whereas that of tyrosine rose rapidly so that 
only after 42 days the levels of both amino acids were at control 
values. 

Of the non-essential amino acids glutamic acid, glycine and 
alanine showed similar patterns of response to both types of di­
etary deficiency. The rates of fall of concentration were more 
rapid during total starvation than protein deficiency due to the 
consumption of these amino acids as an energy supply. Rehabili­
tation of the protein deprived pigs lead to sharp increases in 
concentration above control levels. 

It is interesting that the concentration of citrulline which is 
not normally a dietary component was preserved during protein 
deficiency, while the concentration of its precursor arginine was 
diminished. In total starvation the concentrations of both of 
these amino acids were elevated as a consequence of the intensive 
catabolism of amino acids through the urea cycle. While after 
total starvation the plasma urea concentration was greatly in­
creased, during protein deficiency it was often depressed almost 
below the limits of detection. This is the consequence of the 
tendency during protein deficiency to conserve the available sup­
ply of amino nitrogen. Thus, the excretion of nitrogen and cata­
bolism of amino acids are rapidly reduced to very low levels 
during the first few days of protein deficit (Cuperlovic & Stosic 
1968). 

During the last days of protein deficiency the animals con­
sumed almost no food so that the symptoms of protein deficiency 
were followed by those similar to total starvation, which meant 
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an increase in the essential free amino acids and urea in the 
blood plasma but to a smaller degree, however, in these nitrogen 
depleted pigs than in starved normal animals. 
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SUMMARY 
The influence of protein deficiency, rehabilitation and total star­

vation on the free amino acid levels in the blood plasma of pigs has 
been investigated. It was found that the concentration of most amino 
acids was reduced during protein deficiency. The levels of leucine, 
isoleucine and valine were diminished by the greatest proportion, 
followed by threonine, tyrosine and citrulline. During the first few 
weeks of protein deficiency the levels of lysine, histidine and arginine 
were slightly increased, but later decreased below control values. Con­
centrations of glycine and alanine were altered in a similar way ex­
cept that the initial increase was much more pronounced. The con­
centrations of most of these amino acids returned to control levels 
after rehabilitation. Total starvation led to an increase in concentra­
tion of leucine, isoleucine, valine, threonine and to a smaller extent 
phenylalanine, lysine, citrulline and arginine. The concentration of 
glycine, alanine and glutamic acid were very much reduced. The level 
of urea in the circulation dropped reversibly during protein defici­
ency and increased very much during total starvation. 

SAMMENDRAG 
Nogle virkninger af proteinmangel hos voksende svin. II. Frie amino­

syrer i blodplasmaet. 
Virkningen af proteinmangel, rehabilitering og total faste pa ind­

holdet af frie aminosyrer i svineplasmaet er undersjl.lgt. Koncentra­
tionen af de fleste aminosyrer er nedsat under proteinmangel. Stjl.lrst 
reduktion blev fundet i indholdet af leucin, isoleucin og valin efter­
fulgt af threonin, tyrosin og citrullin. Koncentrationen af lycin, histi­
din og arginin steg svagt i de fjl.lrste uger af proteinmangeltilstanden, 
men senere faldt disse koncentrationer til under kontrolvrerdierne. 
Tilsvarende rendringer, men med en mere udtalt initial stigning, blev 
fundet for glycin og alanins vedkommende. Efter rehabiliteringen 
steg koncentrationen af de fleste af de ovennrevnte aminosyrer til 
samme niveau som kontroldyrenes. Total faste medfjl.lrte koncentra­
tionsstigning af leucin, isoleucin, valin og threonin, medens indholdet 
af phenylalanin, lysin, citrullin og arginin steg i mindre grad. Ind­
holdet af glycin, alanin og glutaminsyre var derimod strerkt reduceret. 
Plasmaurinstof faldt under proteinmangel og steg strerkt ved total 
faste. 

(Received March 10, 1969). 




